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Two explanations have been proposed for an apparent discrepancy between theoretical pre- 
diction and experimental measurement of third-sound attenuation. One of these proposes a 
new "macroscopic quantum uncertainty principle," and the other proceeds via nonlinear, an- 
harmonic effects due to zero-point fluctuations. We argue that neither suggestion is  accept- 
able. 
Recently considerable attention has  been focused 6(p +$L':)  = c : .  (3) 
on the attenuation of third sound in superfluid He 
f i lms.  Predict ions of this  attenuation by Bergman1 
which a r e  based on the linearized hydrodynamic 
equations of the f i lm-gas sys tem d isagree  with 
experimental data  of Wang and Rudnick.' This  
h a s  prompted two s o r t s  of e ~ p l a n a t i o n ~ . ~  which we 
d i scuss  below. We regard  neither of these a s  ac-  
ceptable. 
Put terman et al., have conjectured that the  
"missing" attenuation a r i s e s  from a proposed 
"macroscopic quantum uncertainty principle, " 
analogous to  the microscopic Heisenberg principle. 
The argument i s  that there  ex i s t s  a quantum un- 
cer tainty in  the component of superfluid velocity 
perpendicular t o  the plane of the substrate  given by 
where m is the m a s s  of a helium atom, and Z the 
film thickness. There  is e x t r a  attenuation when- 
ever  the speed of third sound, c,, fa l l s  below this  
velocity, i.e., when 
(the authors  i n s e r t  a fac tor  which is unimpor- 
tant f o r  the p resen t  argument).  The uncertainty 
in  the perpendicular component of v, affects third 
sound, which propagates paral le l  to  the plane of 
the film, because it  introduces a n  uncertainty 
-(E/mz)"nto the quantity ( p  + $v: ) ,  where  p is 
the chemical potential p e r  unit m a s s .  The quantity 
( p  + $ z  :) is the driving potential of the film. 
The meaning of the conjecture is that i n  any 
But f o r  a saturated film, cz = 3(p, /p)gg where 
p, / p ,  the superfluid fraction, is -1 a t  low temper -  
a ture,  and gy  is the gravitational potential a d i s -  
tance y above the bath. Thus the  conjecture p r e -  
dicts  the film potential t o  have a quantum uncer-  
tainty of the o r d e r  of the gravitational potential 
i tself,  
The evidence t o  the con t ra ry  i s  among the best  
established of experimental  fac t s  concerning 
superfluid helium. The v e r y  t e r m  superfluid r e -  
f e r s  t o  the ability of the liquid to  flow at  accurately 
uniform potential. The actual experimental un- 
cer tainty i n  the potential is o r d e r s  of magnitude 
s m a l l e r  than that required by Eq. (4).' 
We note a l s o  in  passing that previous t reatmentsf i  
of quantum fluctuations in  c, have found those to  
be unimportant relat ive t o  thermal  fluctuations 
except a t  v e r y  low temperatures .  If one does 
wish to consider  the possibility of fluctuations of 
the  type proposed in Eq. (I) ,  the result,  WmZ, 
should be compared t o  the relevant thermal  value 
( k , T / m ) 1 1 2 ,  where k, i s  Boltzmann's constant. 
The la t t e r  dominates except a t  v e r y  low T o r  i n  
the thinnest unsaturated f i lms.  Finally, a m o r e  
conventional7 est imate of the uncertaint ies  i n  the 
perpendicular component of r . ,  is obtained by r e -  
lating it  t o  the uncertainty in the phase cp of the 
condensate wave function, a c r o s s  the film. Since 
u, = ( tz/m ) vcp, 
experiment in which 2 is known, the potential btsS - h 6 q  -= - tl - 1 
in the f i lm cannot be measured more  accurately m Z mZ &Y' (5) 
than dq6N- 1 ,  (6) 
(E/mZ)? 
where 6N is the quantum uncertainty in  the  part ic le  
F o r  saturated f i lms,  where Eq. ( 2 )  is satisfied, number. A reasonable es t imate  f o r  a third-sound 
the uncertainty in the potential is a t  least  experiment would be  dh ~ 4 %  where N = p h " ~ / ,  p 
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being the mass  density and h the third-sound wave- 
length. This yields a bus many o rde r s  of magni- 
tude smaller  than Eq. (1). The appearance of 6N 
in the denominator of Eq. (5) emphasizes the col- 
lective nature of the quantity zis, a property that 
has evidently been neglected in formulating Eq. (1). 
We thus conclude that the conjecture is at  vari-  
ance with the main body of both experimental and 
theoretical understanding of superfluidity. 
An alternative explanation of the discrepancy 
between third-sound theory and experiment has 
been proposed by Chester and Maynard.' The 
lat ter  have attempted to show that anharmonic 
t e rms  entering the third-sound effective Hamilto- 
nian cause nonlinearities and hence attenuation in 
third-sound propagation. As pointed out by the 
authors, the effect proceeds by way of a large 
mean square displacement of the film-vapor inter-  
face produced by zero-point fluctuations in the 
third-sound modes. They conclude that the r m s  
fluctuation, o r  surface width, i s  o r  order of one- 
third the film thickness. 
The large surface fluctuation and consequent 
nonlinearities a r e  produced entirely by very- 
short-wavelength modes, where the approxima- 
tions used a r e  quite incorrect. Physically, small  
amplitudes in these modes a r e  assured by surface- 
tension forces, which have been neglected. In 
particular, a t e rm,  
where a i s  the surface tension and n the mass per  
unit a rea ,  should be added to the left-hand side 
of Eq. ( 5 )  of Ref. 4.  The dispersion relation that 
results  i s  
w =c,q(l  (8 1 
Here J i s  the van der  Waal's force per unit mass  
at the film surface, c, the speed of third sound, 
and q the wave number. The correction t e rm in 
parenthesis in Eq. (8) becomes important for 
q 2  a- l  = 10-1-10-2 A-1 , whereas Chester and 
Maynard obtain their effect by applying the uncor- 
rected formula up to  q = 1 A-'. When the surface 
tension is properly included, the interfacial dif- 
fusiveness i s  restored to a value of the order of 
the interatomic spacing, and the anharmonic con- 
tribution to third-sound attenuation becomes neg- 
ligible.'? 
Finally, we remark that the present  hydrody- 
namic theory of third sound i s  sufficiently approx- 
imate that i t  i s  premature to conclude that such 
an approach cannot succeed. 
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